ABSTRACT: Paleoecologic interpretation of Cretaceous benthic foraminiferal assemblages is frequently problematic because of the lack of modern indicator species. Late Cretaceous (Cenomanian to Coniacian) assemblages of the Nkalagu area in southern Nigeria (Lower Benue Trough) were analyzed paleoecologically and compared with isochronous assemblages of the Upper Benue Trough (Futuk and Ashaka). The analyzed sections are forming a transect from near shore to oceanic environments and therefore represent paleocological gradients. Late Cenomanian assemblages of the Nkalagu area are continuously dominated by Ammobaculites spp. Diversity is constantly low and a dysoxic to suboxic, normal marine, inner shelf environment can be assumed for this section. The Middle Turonian to Coniacian Sections at Nkalagu yielded various arenaceous and calcareous species. The most common genera are: Ammobaculites, Flabellammina, Gabonita, Gavelinella, Haplophragmoides, Nonionella, Planulina, Praebulimina and Trochammina. Middle to early Late Turonian sediments at Nkalagu were deposited at paleo-waterdepths of about 600 m, latest Turonian sediments at c. 250 m and Coniacian sediments at c. 600 m. Latest Turonian assemblages indicate unstable, alternating oxygen-rich and oxygen depleted conditions (suboxic to low oxic), changing to more stable conditions in the Coniacian at Nkalagu. The successive deepening indicated by the foraminiferal assemblages documents a change of the depositional environment from inner shelf to upper bathyal in the lower portion of the Benue Trough during the Cenomanian to Coniacian interval. Inner shelf assemblages from the Upper Benue Trough (Futuk and Ashaka localities) vary between brackish and normal marine conditions. Ammobaculites, Haplophragmoides and Gavelinella are the most frequent genera at Futuk, while additional occurrences of Ammotium, Reophax and Saccammina are indicative for brackish conditions at Ashaka. The application of a canonical correspondence analysis (CCA), embracing assemblages from the entire Benue Trough, enables the separation of different depositional environments with partly similar species content. In the present case, CCA is able to distinguish between brackish and normal marine conditions among shallow water assemblages, and between shelf and bathyal depths among normal marine depositional environments. CCA might therefore be used in settings with largely endemic associations and/or without modern species for calibration of assemblages, such as the Cretaceous Benue Trough.
INTRODUCTION
Following an actualistic approach, foraminiferal assemblages have been widely used as paleoenvironmental indicators for ecologic parameters such as water depth, nutrient supply or salinity. Although Cretaceous benthic foraminiferal assemblages exhibit different species and genera if compared with modern faunas, the mechanisms that cause the ecological zonation of modern planktic and benthic foraminifera may have operated in a similar way in the Cretaceous (e.g., Hart 1999; Premoli Silva and Sliter 1999 for planktic foraminifera). Along Cretaceous paleoslope and shelf transects, several benthic species exhibit a characteristic parameter dependant distribution pattern (e.g., Olsson and Nyong 1984 , Schnack 2000 . Shifts in foraminiferal assemblages thus indicate changing environmental conditions such as food supply, salinity, substrate or oxygenation.
Because modern species for direct interpretation are not present in Cretaceous sediments, calibration of any paleo-gradient is problematic and can not be done on the base of average or total environmental ranges of modern species such as with younger sediments (e.g., Hohenegger 2005) . In this respect, a multiproxy approach was chosen in order to minimize interpretation errors. A further complication might be the sometimes highly endemic character of the found assemblages, which makes the comparison with other regions even more difficult. Particularly the arenaceous species show such an endemic character in the Benue Trough (Petters 1979 , 1982 , Gebhardt 1998 ).
The depositional framework of the Lower Benue Trough during the Cenomanian to Coniacian interval can be described as a deepening embayment, which allowed for inner shelf to upper bathyal sedimentation (Gebhardt 2000) . In contrast, sediments of corresponding age in the Middle and Upper Benue Trough were deposited under marginal marine (inner shelf to paralic) and continental conditions (e.g., Obaje 1994; Petters 1982 Petters , 1983 Gebhardt 1997) . The Benue Trough thus provides an excellent location for paleo-environmental studies and the comparison of corresponding benthic foraminiferal assemblages. The sections investigated here represent paleoecologic conditions along a gradient covering brackish, inner shelf to normal marine, and bathyal settings (text- fig. 1 ). These different paleoenvironments along a transect give the opportunity to apply multivariate statistics (correspondence analysis) to analyze benthic and planktic foraminiferal assemblages in order to reveal trends (or paleo-gradients) in the Cenomanian to Coniacian biotic and environmental development of the marginal marine to open oceanic deposits of the Nigerian Benue Trough. This defines successions of species (or associations) within the depositional system, and compensates for the lack of calibration with modern faunas. 
GEOLOGICAL BACKGROUND AND STRATIGRAPHY

Nkalagu area
The investigated sections are situated on the northwestern flank of the Abakaliki Anticline, a major tectonic structure in the Lower Benue Trough (text- fig. 1A ). Two of the sections crop out on faces of the NigerCem active quarries at the time of investigation (text- fig. 1B ). Due to information from boreholes drilled by the NigerCem-company, only one meter of the sedimentary record between the two sections cannot be observed at the quarry faces. Annotation of the sections (Band 18, 20) is according to the NigerCem-nomenclature, which numbers the successive limestone layers (bands) in the area. A third section is exposed in a tributary of the Aboine River close to Ezillo Village (text- fig. 1B ).
Detailed descriptions of the structural relationships in the region have been presented in previous studies by Agagu and Adighije (1983) , Benkhelil (1988 Benkhelil ( , 1989 and Ojoh (1990) . Most of the previous authors describe the depositional environment of the entire Benue Trough as shallow marine and (in parts) anoxic (e.g., Petters 1978 Petters , 1982 . More recent studies on sedimentological structures and facies indicate different depositional environments, at least in the lower part of the Benue Trough. This includes a new interpretation of the limestone layers as turbidites and new faunal analyses (sedimentary structures, ostracods, planktic foraminifera; Oti 1990 , Gebhardt 1999 , indicating deep-water (bathyal) environments for the middle Turonian to Coniacian interval. The calcareous nannofossil content also emphasize the oceanic character of the sediments at Nkalagu (Gebhardt 2001a ).
Because of the lack of lithological differences, the former Eze-Aku and Awgu Formations have been combined to the Nkalagu Formation by Petters and Ekweozor (1982a) . Nkalagu Shale, Ezillo Silt and Isimkpuma Sandstone (text- fig. 1B ) are considered here to be members of the Nkalagu Formation. The outcrops in the Nkalagu Quarries were chosen by Petters and Ekweozor (1982a) to be the type locality for the Nkalagu Formation and the Band 20-section as its type section. This paper follows the tripartite subdivision of the Turonian and the planktic foraminiferal zones introduced by Gebhardt (2004) for the Lower Benue Trough (Praeglobotruncana cf. stephaniZone, Middle Turonian; Marginotruncana sigali-and Dicarinella primitiva-Zones, Late Turonian; Dicarinella concavata-Zone, Coniacian).
The 14m thick Aboine River Section (text- fig. 1B , 2) starts with sandstone beds (Isimkpuma Sandstone of Umeji 1993), followed by predominating shales (sometimes silty shales) with intercalated sandstones (bioclastic quarzarenites) and limestones (wackestones, oyster beds; Ezillo Silt). Plant fragments are common in some places. Lawal (1991) dated this section as latest Cenomanian, based on the occurrence of characteristic pollen grains, spores and dinoflagellate cysts. He found the pollen grain Triorites africanensis to be indicative of this age. Zaborski (1987) Zaborski 1987 , Lawal 1991 ) described a few speci-mens from Ezillo, which he assigned to the Lower Turonian. Offodile and Reyment (1976) found a possible Allocrioceras annulatum close to or within this section; this species is typical for the late Cenomanian of the Western Interior Basin of North America and elsewhere. Accordingly, a late (or latest) Cenomanian age for the Aboine River Section can be inferred with some confidence.
The 23.5m thick 3) begins with several thick limestone beds at its base, intercalated by thin shale layers. The limestone beds (mainly floatstones) show typical characteristics of turbiditic sedimentation such as graded bedding and exotic components (e.g., transported shallow water bivalves). They represent a proximal fan facies and are very similar to the basal limestone beds in the Band 20 Section, but older in age. The top 20m are composed of shales and silty shales, interrupted only by two marly layers classified as planktic foraminifera-dominated wackestones in thin sections (fine-grained turbidites; Oti 1990 , Gebhardt 2000 . Based on planktic foraminifera, calcareous nannofossils and inoceramids, the age of this section ranges from Middle Turonian to early Late Turonian (Gebhardt 2001a (Gebhardt , 2001b ; Praeglobotruncana cf. stephani to Marginotruncana sigali planktic foraminifera zones according to Gebhardt 2004 ).
The 26m thick 4) consists of shales to silty shales, intercalated by limestones and marlstones. A 6-m-thick stack of limestones close to the base of the section has been quarried for cement production. It is intercalated with thin shale or marl layers. Several centimeter-to meter-thick limestone and marl beds are interbedded with shales towards the top of the section. The limestone and marl beds are interpreted as turbidites. They show typical turbidite characteristics in most cases (e.g., fining upward sequences, matrix-supported exotic components), although classical Bouma cycles are not present. This follows earlier interpretations by Banerjee (1981) , Oti (1990) and Amajor (1992) . Thick, coarse, massive beds represent proximal fan facies close to feeder channels while thin, fine grained, laminated layers represent distal facies (Gebhardt 2000) . The age of the Band 20 section ranges from latest Turonian to Coniacian, based on planktic foraminifera, calcareous nannofossils, inoceramids and ammonites (Gebhardt 2001a , 2001b , Perch-Nielsen and Petters 1981 ; Marginotruncana sigali to Dicarinella concavata planktic foraminifera zones according to Gebhardt 2004) . Papers dealing with benthic foraminifera from the Cenomanian to Coniacian interval of the Lower Benue Trough were published earlier by Fayose and De Klasz (1976) and Petters (1978 Petters ( , 1980a Petters ( ,b, 1982 Petters ( , 1983 .
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Holger Gebhardt: Cretaceous benthic foraminifera interpretation: Cenomanian to Coniacian assemblages from the Benue Trough TEXT-FIGURE 3 Lithology, P/B-ratio, distribution of benthic foraminifera, diversity, ratio of in/epifauna and arenaceous/calcareous species and oxygen level in section Band 18.
Futuk
At Futuk village, 50m of black to gray claystones and shales crop out (text- fig. 1A ). The sediments are covered by two thin marly limestone layers at the top of the section, intercalated by 4 m of dark grey claystone (text- fig. 5 ). This section is assigned to the Late Cenomanian to Middle Turonian Kanawa Member of the Pindiga Formation (Zaborski et al. 1997) . The outcrops along a stream south-east of Futuk are located on the southeastern flank of an anticlinal structure (Dessauvagie 1969) , strata are dipping 15°towards SE. The foraminiferal assemblages also show similarities to those from Ashaka and Aboine River.
Ashaka
The c. 20m thick section in the Ashaka limestone quarry comprises of 9m of basal limestones and marly limestones, overlain by black shales with thin limestone layers. The section is well documented and therefore not figured here. It has been investigated mainly for biostratigraphic purposes (see e.g., Wozny and Kogbe 1983 , Popoff et al. 1986 , Zaborski 1993 or paleoecologic interpretations (e.g., Rebelle 1990 , Gebhardt 1997 . The succession allowed for ammonite based biozonations covering Middle Cenomanian to Middle Turonian ages. The section represents almost the entire Kanawa Member of the Pindiga Formation in the Ashaka area (Zaborski et al. 1997) . The succession represents inner shelf deposits ranging from brackish to normal marine salinity with characteristic benthic foraminiferal assemblages (Gebhardt 1997) . These already published data will be used for comparison of foraminiferal assemblages from the Lower and Upper Benue Trough (see multivariate statistics below). Petters (1982) subdivided the Albian to Maastrichtian interval in Nigeria into four benthic foraminiferal zones, corresponding to the tectono-sedimentary cycles in the Benue Trough. The sections at Nkalagu were deposited during the Planulina beadnelli (=Gavelinella dakotensis of this paper)-Ammoastuta nigeriana-Zone, which comprises a period from Cenomanian to 155 Micropaleontology, vol. 52, no. 2, 2006 TEXT-FIGURE 4 Lithology, P/B-ratio, distribution of benthic foraminifera, diversity, ratio of in/epifauna and arenaceous/calcareous species and oxygen level in section Band 20. A number of two to five cm thick layers of strongly indurated claystone occur between samples 36 and 40.
Benthic foraminiferal zonation
early Santonian. A more exact age determination can be made with planktic foraminifera (Gebhardt 2004) or by a higher resolution, integrated approach, which includes ostracods, calcareous nannofossils, inoceramids and ammonites (Gebhardt 2000) .
MATERIAL AND METHODS
Eighty-eight samples were collected during a fieldtrip to the Nkalagu area in 1996, and a further eleven samples were taken in 1995 at Futuk. The samples include limestones, sandstones, marls and shales. Sixty-four samples from Nkalagu and eight samples from Futuk yielded benthic foraminifera. The other samples are limestone and sandstone samples which could not be disintegrated. This sample set is supplemented by foraminiferal counts from 15 samples from the inland Ashaka Section (Gebhardt 1997; compare text- fig. 1A ). About one kg of each sample was dried, soaked with 10% hydrogen peroxide and washed over a 0.063mm sieve. This procedure was repeated several times where necessary. The residue was distributed on a black picking tray and about 300 specimens per sample were picked when possible. Some samples contained a very small quantity of benthic foraminifera larger than 0.063mm, so all of them were picked. The exact quantities of benthic foraminifera picked are shown in Tables 1-5 ; all species are listed together with their absolute and relative occurrence in the samples. In order to concentrate keeled planktic foraminifera for biostratigraphy, ostracods (Gebhardt 1999 (Gebhardt , 2004 and larger benthic foraminifera, dry sieving was done to retrieve the >0.250mm fraction. These specimens (Table 4) were not included in the statistical analyses, but were figured (Plate 1). No indications of displacement or reworking of benthic foraminifera from older sediments were seen among the foraminifera (e.g., degree of alteration, index forms). Corrosion or dissolution of calcareous foraminifera was observed at different levels, e.g., top of section Band 18, top and base of section Band 20. The content of calcareous microfossils at these levels is reduced to completely arenaceous faunas in some cases, and the found planktic foraminifera show distinct signs of dissolution, including complete dissolution of the shell (internal moulds, Gebhardt 2000) . The samples showing dissolution effects were excluded from further analyses and interpretations (Band 18, samples 21, 22) . Strong dominance of arenaceous foraminifera in samples from The Aboine River Section is not a result of carbonate dissolution since other calcareous microfossils such as thin shelled ostracods without signs of dissolution are present in these samples (Gebhardt 1999 ). In the tables, samples from the Nkalagu and Futuk areas are abbreviated AR, B18, B20, and Fu for samples from the Aboine River, Band 18, Band 20 and Futuk Sections, respectively. All material (including figured specimens) is stored in the micropaleontological collection at Geologische Bundesanstalt, Wien, Austria Correspondence analysis is a multivariate statistical tool that can be used in biogeography to ordinate species occurrences along ecological gradients. It has also been successfully applied to fossil datasets such as the Paleocene benthic foraminifera from Tunisia (Saint-Marc and Berggren 1988) and Egypt (Speijer and Schmitz 1998) and Cenomanian to Turonian benthic foraminifera from various regions Kuhnt 2002, Gebhardt et al. 2004 ). I performed a canonical correspondence analysis (CCA), using the CANOCO 4.5-program to analyze benthic foraminiferal distribution patterns. Original counts (percentages , Tables 1-5 ; supplementary data from Gebhardt 1997) were converted to a logarithmic scale to reduce over-representation of extremely abundant taxa. All 64 species were used for analysis. CCA was performed in the symmetric mode with downweighting of rare species (see Jongman et al. 1995 for further information on CCA). Percentage of planktic foraminifera, percent calcareous benthic foraminifera, simple diversity and Fisher a-diversity index of benthic and planktic foraminifera, and relative frequencies (percentages) of four groups of planktic foraminiferal morphogroups representing different ecological niches (heterohelicids, hedbergellids, Whiteinella and Guembelitria) were incorporated for environmental interpretation (Tables 5-6 ). Data on planktic foraminifera distribution in the Nkalagu and Ashaka Sections for CCA were taken from Gebhardt (1997 Gebhardt ( , 2004 . The paleoenvironmental parameters were calculated inactively within the CCA (Table 7) , i.e., without any influence on sample and species scores. All percentages of foraminifera were calculated from the >0.063 mm fraction before further dry sieving to maintain comparability with other studies, in particular those dealing with modern environments.
CONCEPTS AND PALEOECOLOGIC INTERPRETATION OF SECTIONS OF THE NKALAGU AREA AND FUTUK
Various proxies were determined to interpret the paleoecologic conditions during deposition to the rocks investigated here: ratio between planktic and benthic foraminifera (P/B-ratio, as percentage of planktic foraminifera), diversity (simple diversity and Fisher a-Index), ratio between in-and epifauna, ratio between calcareous and arenaceous species, content of certain morphogroups and ecologic index species or genera. The use of these proxies leads to an estimation of paleo-waterdepth, -salinity and -oxygenation of the sediments. This interpretation in turn allows an ecologic characterization of the Cenomanian to Coniacian benthic foraminifera occurring in the Nkalagu area and Futuk (Plate 1, Appendix 1) and a comparison with the already well documented and interpreted section at Ashaka.
Paleo-waterdepth
The ratio between planktic and benthic foraminifera (P/B-ratio, here expressed as percentage of planktic foraminifera; see text-figures 2-5; Table 6 ) is one of the most reliable proxies to estimate paleo-waterdepths. Several studies demonstrated that the percentage of planktic foraminifera in surface sediments increases with waterdepth (e.g., Boltovskoy and Wright 1976 , Gibson 1989 , van der Zwaan et al. 1990 . van der Zwaan et al. (1990 van der Zwaan et al. ( , 1999 and Leckie et al. (1998) emphasize the importance of food reaching the sea floor for the reproduction of benthic foraminifera, and hence the P/B-ratio. As a consequence of highly fluctuating values in different regions, Gibson (1989) proposes a minimum waterdepth, derived from superimposed gradients of all regions investigated. Derived from modern assemblages, van der Zwaan et al. (1990) developed a transfer function, which is used here to estimate the paleo-waterdepth: waterdepth = e (3,58718 + (0,03534 · %P)) (with e = base of natural logarithm and %P = percentage of planktic foraminifera) Such straightforward approaches work best in modern, oligotrophic settings (e.g., Pflum and Frerichs 1976, Szarek 2001) , but the relation may be strongly disturbed by upwelling or other factors enhancing surface productivity (e.g., Gebhardt et al. 2004 for the Cretaceous). When severe oxygen deficiency inhibits the benthic community, the method will fail, but this is not the case with the depositional environments investigated here. Leckie et al. (1998, using the >0.063 mm fraction) report values of 80-95% planktic foraminifera for an upper bathyal (>150m), siliclastic basinal margin during the CenomanianTuronian interval, which may decrease to 30-80% during periods of high benthic productivity. Gebhardt (2004) emphasized the importance of the presence of keeled planktic foraminifera and their assumed deep habitats in the Band 18 and 20 Sections. Their presence supports an interpretation of the sediments as deep-water deposits from waterdepths of greater than 250 m (see also Leckie 1987, Premoli Silva and Sliter 1999) . The successive appearance of planktic morphotypes along gradients from continental to open oceanic environments complements the depth interpretations using P/B-ratios. Guembelitria, heterohelicids, hedbergellids, Whiteinella and keeled genera appear (or disappear) in this succession with increasing (or decreasing) stability of normal marine conditions and waterdepth, or "oceanity" (e.g., Hart and Bailey 1979 , Leckie 1987 , Nederbragt 1991 , Nederbragt et al. 1998 West et al. 1998 , Hart 1999 , Premoli Silva and Sliter 1999 , Gebhardt 2004 . Oligotrophic K-strategists such as keeled genera and opportunistic r-strategists (Guembelitria, Heterohelix) form the end-members of this succession.
At Nkalagu, the calculated waterdepths according to the formula of Van der Zwaan et al. (1990) and averaged values from the graphs of Gibson (1989) Table 6 . At Futuk, as well as at Ashaka (Gebhardt 1997) , the content of planktic foraminifera is either zero (or close to zero), or very high (text- fig. 5 , Table 5 ). Only opportunistic species (Guembelitria, Heterohelix) occur in samples with planktic foraminifera, indicating advantageous conditions for such species in shallow waters (inner shelf).
A further method is the application of waterdepth indicator species or genera. Waterdepth on its own is probably not a limiting factor in benthic foraminiferal distribution, but factors con- nected with waterdepth, like substrate or nutrient supply may have an influence (e.g., Douglas and Heitmann 1979 , Kaminski et al. 1999 , van der Zwaan et al. 1999 . Beyond the shelf break, agglutinated foraminifera become more frequent with increasing waterdepth and may even dominate the assemblages. This also applies for Cretaceous samples , Koutsoukos et al. 1991 , Sliter and Baker 1972 .
Assemblages of the Aboine River Section are dominated by Ammobaculites with subordinate Haplophragmoides and Trochammina. The brackish Ammoastuta and the shelf restricted Ammobaculoides are rare. At Futuk, Gavelinella is frequent only in the limestone layers; shales and claystones are dominated by Haplophragmoides with portions of Ammobaculites and Flabellammina. Together with sporadically occurring planktic foraminifera, these assemblages correspond well to those of other Cretaceous oxygen-depleted inner shelf deposits (Haig 1979 (Haig , 1980 , Olson and Nyong 1984 , Wightman 1990 . High percentages of Ammotium (in combination with Reophax and Saccammina) at Ashaka indicate brackish conditions, thus very shallow paleo-waterdepths.
Contrary to this, genera occurring at sections Band 18 and 20 comprise relatively good indicators for outer shelf and deeper environments (Praebulimina, Gavelinella, Gabonita) . Compared with interpretations made by , Koutsoukos et al. (1991) , Nyong and Olsson (1984) , Olson and Nyong (1984) and Sliter and Baker (1972) , the assemblages of sections Band 18 and 20 correspond to the upper to middle bathyal (upper to middle slope). The ratio of calcareous/arenaceous species is about 60/40 on the upper slope and about 30/70 on the middle slope in the Late Cretaceous Sergipe Basin of Brazil Hart 1990, Koutsoukos et al. 1991) , similar to the ratio found at Nkalagu (text-figs. 3, 4).
Paleo-oxygenation and food supply
Typical small, predominantly deep infaunal species are assumed to be more adapted to low oxygen levels of interstitial waters than shallow infaunal or epifaunal species (compare Bernhard 1986 , Kaiho 1994 ). This does not inhibit such species from settling in well oxygenated epifaunal or even epiphytic habitats (e.g., Semeniuk 2001) but they do not form large portions of typical recent epiphytic assemblages (e.g., Langer 1993) . Laboratory experiments have shown that, with reduced oxygen content of the bottom water, infaunal species move upward in the sediment column and may even exhume themselves to avoid anoxic conditions (Alve and Bernhard 1995) , although there may be species that are able to withstand reducing conditions (Bernhard 1993) . If oxygen content is not acting as a limiting factor, food supply largely governs the abundance and distribution of species in the sediment (van der Zwaan et al. 1999) . Motile species regarded as epifaunal including epiphytes or shallow and deep infauna may change their habitat depending on food availability and/or other changing environmental conditions (Linke and Lutze 1993, van der Zwaan et al. 1999 ). Alve and Murray (2001) discuss in detail interpretations on depth distribution, role of food, oxygen and other chemical factors, com-TABLE 3 Benthic foraminifera from section Band 20. petition and validity of the morphotype concept. Characteristic assemblages or species of dysoxic environments are found in modern seas (e.g., Phleger and Soutar 1973 , Barmawidjaja et al. 1992 , van der Zwaan et al. 1999 . Such species follow an opportunistic, r-selected strategy, and have an adaptational (morphological) advantage compared with equilibrium (or K-selected) species as they exploit food availability. This is frequently combined with low oxygen levels, a concept applicable also to the Cretaceous (e.g., Hart 1990, Koutsoukos et al. 1991 ). An environmental change towards more stressful conditions (e.g., decrease in oxygenation) will result in a decrease of diversity, abundance of equilibrium species and mean size of individuals, while the relative abundance of opportunists increases when a certain threshold is reached (Murray 2000) . Low oxic to anoxic conditions occur in all sediment profiles at some distance from the sediment surface. Dysoxic sediments lack "larger" oxygen consumers usually described as epifauna or shallow infauna and are dominated by certain morphogroups assigned to a predominantly infaunal habitat (Bernhard 1986 , Kaiho 1994 . It is therefore possible to estimate the ancient oxygen content of the bottom water based on foraminiferal assemblages (and presence of other faunal elements, e.g., ostracods; Gebhardt 1999) of the investigated sediments. A reduction or even disappearance of "large", oxygen-consuming epifaunal elements indicates a reduction in oxygen content of the bottom water (Kaiho 1994 , van der Zwaan et al. 1999 for modern environments). Dominance of stress-tolerant infaunal or arenaceous species is characteristic of such conditions. Since there is no general consensus on the division of oxygenation stages, the subdivision of Kaiho (1994) is followed here: anoxic (quasi anaerobic), dysoxic, suboxic, low oxic and high oxic.
Species found at Nkalagu do not exist in modern seas, thus interpretations of Cretaceous assemblages consequently must made on the generic level or via equivalent morphogroups (Bernhard 1986 , Kuhnt and Wiedmann 1995 ). An ecological characterization of species occurring at Nkalagu is given in Appendix 1.
Figures 2 to 5 show the in-/epifauna-ratio together with other parameters in the Nkalagu Sections and at Futuk. The grouping is based on comparison with modern species of the same morphogroup (Murray 1991 , Kaiho 1994 , van der Zwaan et al. 1999 ) and distribution patterns of Cretaceous species Hart 1990, Koutsoukos et al. 1991) . The following genera are considered to be infaunal: Saccammina, Reophax, Miliammina, Haplophragmoides, Ammobaculites, Ammoastuta, Ammobaculoides, Gabonita, Praebulimina, Neobulimina, Cassidella and Nonionella. Epifaunal genera are: Flabellammina, Lenticulina, Planulina and Gavelinella. For other genera, mode of living is uncertain or those species do not prefer a certain habitat (i.e., in-and epifaunal): Ammomarginulina, Trochammina, Dentalina, Frondicularia and Bolivina. Relative changes between these groups mirror oxygen contents of bottom waters and up-or downward movements of the redox-boundary within the sediment column. In the same way, the ratio of arenaceous and calcareous species reflects the 160 oxygen content of the bottom water since low oxygen content may cause difficulties for foraminiferal calcite secretion (e.g., Phleger and Soutar 1973 ; see text-figs. 2-5).
Holger Gebhardt: Cretaceous benthic foraminifera interpretation: Cenomanian to Coniacian assemblages from the Benue Trough
The Aboine River Section (text- fig. 2 ) yielded almost exclusively arenaceous tests; only one sample contained a single specimen of Gavelinella cf. dakotensis. Furthermore, infaunal genera dominate the entire section. Due to this faunal composition (strong dominance of opportunistic species with high tolerance against oxygen deficiency for the entire section), dysoxic conditions are assumed throughout. The dominance of platycopid (filter feeding) ostracods supports this interpretation (Gebhardt 1999) . The presence of these thin shelled organisms indicates the lack of severe dissolution effects for this section.
Arenaceous species dominate in large portions of section fig. 3 ), in particular in the upper part (carbonate dissolution took place in the uppermost two samples, evidenced by the scarcity of planktic foraminifera and the lack of ostracod shells). This is paralleled by a dominance of infaunal taxa. In some parts of the lower portions of section Band 18, epifaunal and calcareous taxa are frequent or even dominant. The planoconvex-trochospiral morphotype (here Planulina) is frequent in the lower portions and indicates more oxygenated intervals. High nutrient flux indicators (Gabonita) are not frequent. Gabonita spp. is very frequent in upwelling areas of the same age (e.g., Morocco, Wiedmann 1995, Gebhardt et al. 2004 ) The basal portion of this section (towards sample 8) is interpreted as low oxic, the portion around sample 9 as suboxic, the portion of samples 10 and 11 as low oxic and samples 12 to 20 as low oxic to suboxic.
Section fig. 4 ) shows stronger fluctuations for both the in-/epifaunal and arenaceous/calcareous ratios. Whereas opportunistic epifaunal calcareous species (Gavelinella, Planulina) of the planoconvex-trochospiral morphogroup dominate the lower portion (except at the base) and some parts of the middle portion, this morphogroup is less frequent in the upper portion. Species of the tapered-cylindrical morphogroup (Praebulimina) are very frequent there. These species are characteristic of high nutrient flux. The middle portion shows prominent fluctuations of the in-/epifaunal and arenaceous/calcareous ratios, in parts coupled to turbiditic sedimentation (frequent Gavelinella). The fluctuations are distinctly less prominent in the upper portion (Coniacian) and point to more stable conditions. The section starts with suboxic conditions at its base, followed by low oxic conditions in the lower portions (samples 2-14), unstable low oxic conditions in the middle portion (samples 15-41) and ends with stable low oxic conditions with increased organic flux in the upper portion (samples 42-52, high proportions of Praebulimina). The lack of calcareous tests around sample 31 is not caused by dissolution since ostracods occur in large numbers (Gebhardt 1999 ) and calcareous nannofossils are present (Gebhardt 2001a ).
In the Futuk section (text- fig. 5 ), shales and claystones yielded only arenaceous species, while limestones are strongly dominated by calcareous ones. Similarly, infaunal species make up almost the entire assemblages of the shales and claystones with limited epifaunal fractions. Epifaunal species dominate the limestones. Thus, dysoxic conditions are indicated for almost the entire section. Only during periods of limestone sedimentation did low oxic conditions prevail. A similar pattern can be found at Ashaka (Gebhardt 1997) ; thus this trend may be valid throughout the entire Upper Benue Trough.
The interpretation of a higher oxygen content in the bottom water of sections 18 and 20, compared with the Aboine River and Futuk Sections, is further supported by higher diversity indices (text-figs. 2-5) and the presence of large, oxygen consuming ostracod species (Gebhardt 1999) there.
Paleosalinity
Fisher a-values were calculated for diversity (see Murray 1991 for formula). Values <5 are typical for brackish or hypersaline, marginal marine environments, whereas values >7 indicate normal marine shelves, slopes or hypersaline shelves within living faunas. Concidering reduced oxygen content (see above), the investigated Cretaceous associations may show lower values than those for modern highly oxygenated environments.
To estimate paleosalinity, the Cretaceous assemblages were subdivided into three groups: brackish (< 32 psu), unrestricted, and marine (> 32 psu). This was done on the base of the modern distribution of genera (Murray 1991) , supplemented by interpretations of Cretaceous assemblages (Haig 1980 , Gebhardt 1997 . A similar subdivision was used by Murray (1971) for modern environments and by Gebhardt (1997 Gebhardt ( , 1998 for Cretaceous deposits, including the Ashaka Section.
Ammoastuta as a purely brackish genus is very rare and restricted to a single sample in the Aboine River Section, which contains mostly unrestricted genera (Saccammina, Reophax, Miliammina, Haplophragmoides, Ammobaculoides and Trochammina) , but is strongly dominated by Ammobaculites. An Early Cretaceous Ammobaculites-association from Queensland, Australia was described by Haig (1980) and attributed to land-locked, hyposaline, epicontinental seas, but the presence of ostracods of the genus Cythereis exclude significantly reduced salinities for the Aboine River Section (Gebhardt 1999) . The marine foraminiferal genus Gavelinella is also very rare. The scarcity or absence of marine indicators may be due to the low oxygen content in the bottom water. At Futuk, the assemblages contain various marine (Gavelinella, Flabellammina) and unrestricted genera (Ammobaculites, Haplophragmoides, Trochammina) and are therefore interpreted as marine. The assemblages at Ashaka can be divided into those which contain significant proportions of Ammotium (in combination with Reophax and Saccammina, i.e., brackish) and such without these indicator (marine assemblages). Table 6 ). The average for section Band 18 is 2.4; that of section Band 20 is 2.6. These values are clearly higher than those of the Aboine River and Futuk Sections and also higher than those previously published by Petters (1978) for Nkalagu (max. 1.4), thus pointing to higher salinities. According to the assemblages found in sections Band 18 and 20, a normal marine environment may be assumed. Fisher a -values at Ashaka are low for assemblages interpreted as brackish (<1 to 4) and high for marine assemblages (1 to 15, Gebhardt 1997) .
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Synopsis for the Nkalagu area (Text-figure 6)
Assemblages from the Aboine River Section are dominated by Ammobaculites. The Fisher a-Index is constantly low (£ 2). Only two samples contain planktic foraminifera (max. 20 %). Other benthic species form only a minor portion of the assemblages. Calcareous and epifaunal species are very rare. Therefore, a dysoxic to (maximally) suboxic depositional environment may be assumed. Due to the scarcity of brackish indicators and the presence of few planktic foraminifera, a normal marine, inner shelf is indicated for the Late Cenomanian interval.
Benthic foraminiferal assemblages and suprageneric parameters of the sections Band 18 and Band 20 are distinct from the Aboine River Section. Although Ammobaculites is still a dominating component in some parts of section Band 20, additional arenaceous and calcareous species increase the diversity significantly. Greater water depth is indicated by much higher percentages of planktic foraminifera, the presence of deep-water planktic foraminifera, and the presence of benthic indicators. Through use of the P/B-ratio, roughly three portions can be distinguished in sections Band 18 and 20: 1st, section Band 18 (calculated paleo-water depth around 600 m); 2nd, the lower and middle portion of section Band 20 (c. 250 m water depth) and 3rd, the upper portion of section Band 20 (c. 600 m water depth). The high P/B-ratio at sample 41 of section Band 20 correlates with an increase of the infaunal species Praebulimina prolixa and a constantly high number of infaunal genera during the Coniacian (text- fig. 4 ). Peaks of epifaunal or calcareous species are interpreted to represent periods of increased oxygen content in the bottom water. The higher the in-/epifauna-ratio, the lower is the calcareous/arenaceous-ratio. Environmental conditions in the middle portion of section Band 20 point to alternating oxygen-rich and oxygen-depleted habitats which are interpreted here as unstable. The change from unstable to stable conditions in the upper portion of section Band 20 is paralleled by higher frequencies of calcareous species. Arenaceous species were probably better adapted to changing (stressful) conditions than calcareous species, which in turn may indicate higher food supply during phases of relatively stable conditions. Many of the occurring benthic foraminiferal genera are restricted to normal marine salinities, and brackish indicators are completely absent in sections Band 18 and 20, pointing to normal marine salinities for both sections. Altogether, an upper bathyal depositional environment with fluctuating oxygen contents (suboxic to low oxic) and moderate to high organic flux (fraction of opportunistic species) is indicated for the Middle Turonian to Coniacian interval. 
RESULTS OF MULTIVARIATE STATISTICAL ANALYSIS (CCA)
CCA was used to analyze the distribution of 64 benthic foraminiferal species recorded within the five sections and 84 samples from different depositional environments to ordinate the assemblages along ecological gradients within the Benue Trough. Axis 1 can be related directly to paleo-water depth by comparison with the proxies for ecological parameters, which were calculated inactively within the CCA (i.e., without any influence on sample and species scores). Ecological parameter scores have been plotted in text-figure 7. Percent planktic foraminifera, diversity of planktic foraminifera and percent calcareous benthic foraminifera increase with negative values, while diversity of benthic foraminifera increase with positive values. This is complemented by the ordination of planktic morphotypes along Axis 1: Whiteinella, hedbergellids and heterohelicids plot toward negative values, while the extremely opportunistic Guembelitria plots toward positive values.
Furthermore, the sample-plot (Table 8, Axis 2 and 3 can not be related to distinct environmental parameters, as far as present knowledge of the environmental distribution of Cretaceous foraminifera is concerned. They may be attributed to "environmental diversity" or the "frequency" of environmental change, since contrary parameters such as the 'percentage of the marginal marine indicator Guembelitria' and deepwater indicating 'percentage planktic foraminifera' point into the same direction. Axis 4 shows a distinct separation of brackish assemblages from Ashaka (text- fig. 8 ) if plotted together with Axis 1. These brackish assemblages (5 samples, Axis 4 values < -18) are characterized by frequent tests of the genera Ammotium, Reophax and Saccammina (Gebhardt 1997) . Therefore, Axis 4 might be attributed to salinity. The cluster-area of the Aboine River Section on Figure 8 is sufficiently distant from the brackish assemblages to allow the conclusion that the Aboine River sediments were deposited in a normal marine environment. This CCA-result confirms the interpretations made above on the depositional environment of the Aboine River Section assemblages and emphasizes its similarity with the assemblages found at Futuk.
DISCUSSION
The relationship between nutrient (organic matter) flux and number of infaunal foraminifera is also reflected in the fossil record. The number of benthic foraminiferal individuals and the content of organic carbon in the sediment are highest within oxygen minimum zones (OMZ) or areas with high carbon flux (e.g., Altenbach and Sarnthein 1989 , Bernhard 1992 , Corliss and Chen 1988 , van der Zwaan et al. 1999 . Epifaunal genera dominate during low organic flux, while infaunal genera dominate during phases of high organic flux, such as at certain intervals at Nkalagu. TOC-values published for the Band 20-Section by Holbourn et al. (1999a) , Petters and Ekweozor (1982a, b) and Unomah and Ekweozor (1987) are between 0.4 and 1.4 % (black shales as well as limestones). This is low compared with Cenomanian to Turonian upwelling areas like Morocco, with up to 17 % (Luderer 1999) . Low TOC and the relatively high epifaunal content point to relatively low rates of organic flux during sedimentation (Corliss and Chen 1988) . Gavelinelladominated assemblages are correlated with eutrophic conditions in the Western Interior Basin of North America . Such horizons at Nkalagu may point to temporally increased nutrient levels. The lack of robust, tubular suspension feeders in the assemblages at Nkalagu shows the absence of oligotrophic conditions (Kaminski et al. 1999 , van der Zwaan et al. 1999 ). Thus, an intermediate level of nutrient supply can be assumed for the Nkalagu area.
Evidence for a non-anoxic (or non-quasi anaerobic) character of the depositional environment in the Cenomanian to Coniacian of the Nkalagu area includes the presence of rather large calcareous foraminifera (Lenticulina spp.), frequent and large (up to 2mm) Flabellammina spp., rather frequent and large-sized, oxygen consuming ostracods as well as other organochemical parameters (frequency of vitrinite, scarcity of biodegradable phytoplankton, and high pristane/phytane-ratio; see Unomah and Ekweozor 1987) . The content of certain calcareous genera (Gavelinella, Planulina) correlates with turbiditic events in some, but not all cases. This may be due to an increase in the oxygen content, relating to higher water energy, leading to easier secretion of calcite. Input from other environments (mixing) may play a role, but this seems to be minor, since the proportion of these genera is also high in the purely pelagic layers. A turbiditic nutrient pulse may also be taken into consideration.
The successive deepening indicated by the foraminiferal assemblages, planktic (Gebhardt 2004) as well as benthic (this contribution), documents a depositional environmental change towards bathyal depths in the lower portion of the Benue Trough during the Cenomanian to Coniacian interval. This interpretation is in contrast to those published earlier (e.g., Fayose and De Klasz 1976; Petters 1978 Petters , 1983 Petters and Ekweozor 1982b) , which assume continuously anoxic, shallow shelf environments. It is, however, in agreement with sedimentological events including turbiditic sedimentation. The Turonian deepening trend at Nkalagu is contrary to the worldwide sea-level fall (e.g., Haq et al 1987 , Miller et al. 2003 and, therefore, probably represents tectonically induced subsidence.Within the Middle Turonian to Coniacian sequence, short ranging, rapid sealevel falls are expressed in the P/B-ratios and the planktic foraminiferal assemblages (Gebhardt 2004) . These changes may be attributed to eustatic sealevel changes.
There was also a considerable amount of oxygen in the bottom water, allowing the settlement of rather large benthic foraminifera and ostracods in the area. True anoxic conditions were probably never reached during sedimentation of the Nkalagu Formation, at least not in the area around Nkalagu.
The early Late Cretaceous benthic foraminiferal assemblages of the Lower and Upper Benue contain many common species, and it can be difficult to interpret them with respect to different depositional environments. The results of multivariate statistical analyses (here CCA) show that there are possibilities to differentiate between these paleo-environments. Interpretation must be made on the basis of assemblage counts, since significant indicator-species are very rare or not known. For a certain depositional system, one may define faunal associations which allow a detailed subdivision of paleoenvironments. Based on the benthic foraminiferal assemblages analyzed within this study, five salinity and waterdepth related associations are differentiated: 1. a brackish Ammotium-Saccammina-Reophax-Association, 2. inner shelf, normal marine, dysoxic associations dominated by Ammobaculites, Haplophragmoides or Praebulimina robusta, 3. an inner shelf, normal marine, oxic Gavelinella-Association, 4. an outer shelf/shelf edge, low oxic Ammobaculites-Flabellammina-Association and 5. an upper bathyal, sub-to low oxic Gavelinella-Planulina-Praebulimina prolixa-Association. This succession of associations may be valid only for the Cenomanian to Coniacian of the Benue Trough, and should not simply be generalized for the analysis of other basins.
CONCLUSIONS
1. Benthic foraminiferal assemblages of the Aboine River Section (Late Cenomanian) are dominated by Ammobaculites. Calcareous and epifaunal species are very rare. Diversity is consistently low, and only two samples contain planktic foraminifera (with low percentages). A dysoxic to suboxic, normal marine, inner shelf environment can be assumed for this section. Planktic/benthic foraminifera ratio (as %-planktic foraminifera) and diversity (Fisher a-Index) of investigated samples from the Nkalagu area. P = planktic foraminifera counts for P/B-ratio, B = benthic foraminifera counts for P/B-ratio, * = including unclassified specimens, nd = not determined. 5. The successive deepening indicated by the foraminiferal assemblages documents a change of depositional environment from inner shelf to upper bathyal in the Lower Benue Trough during the Cenomanian to Coniacian interval, which is interpreted to have been caused by tectonic subsidence.
6. Benthic foraminiferal assemblages at Futuk are dominated by Ammobaculites, Haplophragmoides and Gavelinella. They indicate normal marine, inner shelf depositional environments. At Ashaka, brackish conditions are represented by high amounts of Ammotium, Reophax and Saccammina species (Gebhardt 1997 ).
7. Correspondence analysis (CCA) based on Cretaceous benthic foraminiferal assemblage counts from the Benue Trough is able to distinguish different depositional environments in the Cenomanian to Coniacian interval, ranging from inner shelf to bathyal and from brackish to normal marine settings, even when similar species compositions cover the environmental differences. CCA is a powerful tool for use in settings with largely endemic associations and/or without modern species, which do not allow for direct calibration of assemblages.
8. A combination of conventional methods and multivariate statistics is probably the best possible way to interpret benthic foraminiferal assemblages in ancient depositional systems with largely endemic associations without the possibility for calibration of proxies with modern faunas, such as those evidenced in the Cretaceous Benue Trough. Axes 1 to 4 CCA values for "environmental parameters" (inactive, i.e., without any influence on sample and species scores). Neobulimina albertensis (Stelck and Wall 1954) Plate 1, figure 31 Ecology: Frequent or dominating in sediments deposited under oxygen deficiency of the Western Interior Basin of North America ) off Ivory Coast (Saint-Marc and N'da 1997 and Morocco (Gebhardt et al. 2004) or organic rich sediments (Dessauvagie 1972) . Upper bathyal, normal marine at Nkalagu.
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Nonionella robusta Plummer 1931
Plate 1, figure 35 Ecology: Inner and outer shelf, almost no tolerance against reduced salinity or oxygen deficiency (Gebhardt 1998) or outer shelf to upper bathyal, dysoxic conditions (Holbourn et al. 1999a) . Upper bathyal, normal marine at Nkalagu.
Planulina texana Cushman 1938
Plate 1, figure 36 Ecology: Upper bathyal, normal marine at Nkalagu. Most specimens found are very small, indicating low oxygen supply or early reproduction.
Praebulimina prolixa (Cushman and Parker 1935) Plate 1, figure 33 Ecology: Frequent in sediments indicating oxygen deficiency of the Western Interior Basin of North America (Leckie 1985 fide or high organic flux sediments of West Afrika Kuhnt 1998, Holbourn et al. 1999a ). Upper bathyal, normal marine at Nkalagu. (De Klasz, Magné and Rérat 1963) Plate 1, figure 32 Ecology: Outer shelf to upper bathyal, normal marine, reduced oxygen contents (dysoxic conditions) or high nutrient flux (Holbourn and Kuhnt 1998 , Holbourn et al. 1999a , Gebhardt 1997 . Upper bathyal, normal marine at Nkalagu. Praebulimina sp. 1 Holbourn and Kuhnt (1998) Plate 1, figure 30 Ecology: Frequent in oxygen deficiency or high organic flux sediments Kuhnt 1998, Holbourn et al. 1999a) . Upper bathyal, normal marine at Nkalagu.
Praebulimina robusta
?Reophax duplex Grzybowski 1896
Plate 1, figure 2 Ecology: This species occurs in outer shelf and bathyal sediments, it tolerates oxygen deficiency (Holbourn et al. 1999b , Ly and Kuhnt 1994 , Saint-Marc and N'da 1997 . Upper bathyal, normal marine at Nkalagu.
Reophax cf. guineana Petters 1979 Plate 1, figure 3 Ecology: Normal marine to brackish species, tolerates reduced oxygen contents (Gebhardt 1997 (Gebhardt , 1998 . Upper bathyal, normal marine at Nkalagu.
Saccammina sp.
Plate 1, figure 1 Ecology: In recent environments, Saccammina lives infaunal, detritivore, mainly on normal marine inner shelves (Murray 1991) , but also shallow infaunal in abyssal sediments at least since the Cretaceous (Kaminski et al. 1999, Sliter and Baker 1972) . Upper bathyal, normal marine at Nkalagu.
Trochammina cf. globigeriniformis (Parker and Jones 1865)
Ecology: Normal marine, inner shelf to abyssal (Murray 1991) . Upper bathyal, normal marine at Nkalagu.
Remark: Specimens found are relatively small and coarsely agglutinated.
Trochammina taylorana Cushman 1937
Plate 1, figure 21 Ecology: Epifaunal, grazing, semi-attached plant-and detritus feeders ). Normal marine to brackish shelf, tolerates also reduced oxygen contents (Gebhardt 1997 (Gebhardt , 1998 . Upper bathyal, normal marine at Nkalagu at Nkalagu.
Vaginulina cf. cretacea Plummer 1926
Plate 1, figure 27 Ecology: Upper bathyal, normal marine at Nkalagu.
